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ABSTRACT 
 
Authors have continued clinical research on type 2 diabetes mellitus (T2DM). The trigger of this research 
was to make notice of elevated HbA1c of younger male diabetics for hot climate in the summer 2018. 
Enrolled subjects were 89 male patients with T2DM. Methods include the classification of 6 groups by the 
age, which are 21-40, 41-50, 51-60, 61-70, 71-80 and 81-90. HbA1c values in median were calculated for 
five seasons of 15 months. Basal HbA1c in 6 groups was 7.0%, 7.1%, 7.2%, 7.2%, 6.9% and 7.0%, 
respectively. Seasonal changes in HbA1c values are as follows: i) groups 21-50 showed highest in the 
summer, ii) groups 51-70 showed gradually decrease from winter to summer, iii) groups 71-90 showed 
gradually decrease from winter to autumn, and increase for winter. For seasonal HbA1c changes, 
influence of hot climate during from spring to summer may be involved for 21-50 years. More activity in 
spring to summer may be related for 51-70 years. Less exercise and more eating may be observed for 
71-90 years. There are not enough analyze for related factors, then further study concerning various 
biomarkers would be expected.  
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INTRODUCTION 
 
In recent years, there have been some standards concerning the recommended control of type 2 diabetes 
mellitus (T2DM). Several guidelines related to the target of HbA1c, blood glucose [1], blood pressure [2] 
and lipids [3] were found. For the values of HbA1c and blood glucose, a guidance statement was proposed 
by American College of Physicians (ACP) [4] with evidence-based medicine data. The recommended 
target of HbA1c in T2DM would be 7-8 % rather than strict controlled level before.  
 
The therapy of diabetes has been based on proper diet and exercise. Calorie Restriction (CR) was 
formerly the standard method for nutritional treatment. After that, Atkins and Bernstein and others in 
European countries have introduced Low Carbohydrate Diet (LCD), and LCD has been spreading until 
now [5,6] For several evidence-based investigation, the superiority of LCD has been reported such as the 
Diabetes Remission Clinical Trial (DiRECT) study [7,8]. 
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On the other hand, the author and co-investigator once started LCD in Japan [9]. Since then, we have 
continued treating many diabetic patients, and developed clinical studies on comparison of CR and LCD 
[10]. We proposed three types of LCD meal, which are super-LCD, standard-LCD, petite-LCD, which are 
useful for lots of people [11]. We have developed LCD movement socially through Japan LCD promoting 
Association (JLCDPA). Furthermore, we have reported various research related to CR and LCD, such as 
research on ketone bodies, and Meal Tolerance Test (MTT) with 70g of carbohydrate in CR meal [12,13]. 
 
According to several reports, there has been some variability in diet and exercise performance in patients 
with diabetes. In other words, some seasonal changes have been found concerning the control state of 
glucose variability [14]. The climate in the winter is cold, then patients apt to lead a daily life with eating 
more and less exercise [15]. Therefore, diabetes control may be worsening in winter [16]. However, this 
tendency may be different in a wide range of diabetic patients, such as age, severity and social differences. 
We have been treating many diabetic patients continuously for many years. From this clinical experience, 
we have noticed that diabetes control of younger male diabetic patients showed worsening in summer 
2018. At that time, it was so hot in Japan for several months. Therefore, we have tried to investigate 
seasonal HbA1c changes in patients from young to older diabetic male patients. 
 
SUBJECTS AND METHODS 
 
In this study, subjects enrolled were 106 male diabetic patients. They were diagnosed as T2DM with the 
age of 23-88 years old (Table 1). Regarding the diagnosis, other diabetic types such as type 1 diabetes 
mellitus and other special types of diabetes were excluded in the criteria of current study.  
 
Methods were investigating our accumulating data of diabetic patients for years. HbA1c values of 
consecutive five seasons were calculated as an average data from December 2017 to February 2019. The 
seasons were defined as follows: i) winter is from December to February, ii) spring is March to May, 2018, 
iii) summer is June to August and iv) autumn is September to November. 
 
The biomarkers are obtained as follows. In addition to HbA1c, weight, height, Body Mass Index (BMI), 
waist circumference and thigh circumference were measured in spring, 2018. The reason is that April 
would become the start of the fiscal year in Japan. The waist circumference was measured at the level of 
the navel in standing upright position. Thigh circumference was measured at 10 cm above the upper line 
of the patella when standing with relaxed condition. Using the values of stature, waist circumference and 
thigh circumference, three ratios of anthropometry were calculated.  
 
Statistical analysis 
In current study, the data were calculated statistically [17]. The obtained results were shown as the 
median value plus the quartiles of 25% and 75%, which was described as median [25%-75%] [18]. This 
statistical method means that 50% of the data in the group are situated around the median value [19].  
The calculation method includes BMI, the ratios of waist/stature, thigh/stature, and thigh/waist. Data 
were described as the median value and 25% and 75% of the quartiles. The changes in HbA1c value of 
five seasons were shown in Figure 1. The median value of HbA1c in winter 2018 was the standard level as 
0 point. The changes in HbA1c after that were described in six groups.  
 
Ethical considerations 
Current investigation was basically performed by the adequate ethical principles that was the Declaration 
of Helsinki. Further, some commentary for the Ethical Guidelines for Research in the medical field for 
Human beings and also in the conduction of the Good Clinical Practice (GCP) were included. There were 
some ongoing consideration, concerning the protection of human rights. “Ethical Guidelines for 
Epidemiology Research” was also applied according to the related guideline. Those principles were 
described from Japan by the Ministry of Education, Culture, Sports, Science and Technology and by the 
Ministry of Health, Labor and Welfare. 
 
Regarding to this study, authors have established a necessary ethical committee of the hospital. It 
includes the president, the vice-president, director of the Pharmaceutical section, the head-nurse, director 
of the administration and expert in the legal specialty professionals. We have discussed enough and made 
confirmation that current study has no problems and agreed with all members.  
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RESULTS 
 
1) Basal data 
The subjects were 89 male patients with T2DM. Their anthropometry data and HbA1c values in six 
groups were shown in Table 1. The value of HbA1c were calculated as the average levels from December 
2017 to February 2018, which was the first winter. The groups with 21-40 and 41-50 years old showed 
higher tendency values of BMI than that of other groups. Further, the ratios of waist/stature, 
thigh/stature and thigh/waist is a litter higher in the group of 21-40. Other 5 groups showed similar data. 
The basal HbA1c on the first winter in 6 group was 7.0%, 7.1%, 7.2%, 7.2%, 6.9% and 7.0%, respectively. 
These data of HbA1c were similar from 6.9% to 7.2% in 6 groups. 
 
 
 
 
 
 
 
 
 
 
 
2) HbA1c changes in 5 seasons 
The changes in HbA1c values of 5 seasons in 6 groups were shown in Figure 1. In the group 21-40, HbA1c 
value showed increasing from winter, the highest in the summer and decrease after that. In the group 
41-50, HbA1c value showed a litter higher in the summer and decrease after that.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Seasonal HbA1c changes in 6 groups aged 21-90 
 
Furthermore, group 51-60 and 61-70 revealed that HbA1c has no elevation in the summer, decrease in 
autumn and stable in winter. In contrast, group 71-80 and 81-90 showed that HbA1c has gradual 
decrease from spring to autumn and elevation in the winter. It is in only group 71-90 that there is rather 
acute elevation of HbA1c from autumn to winter 
 
DISCUSSION 
 
Across the world, diabetes mellitus has become crucial problem, and the control of glucose variability has 
been important to decrease macro-angiopathy and micro-angiopathy [20]. The goal for the therapy of the 
diabetes would be to reduce the incidence of cardiovascular events [21]. As a matter of fact, the important 
factors include the values of HbA1c, profile of blood glucose, blood pressure and lipids. These 
management for multi-factors can lower the cardiovascular events and improve the prognosis of the 
diabetic patients [22].  
 
Table 1 Data of Anthropometry and HbA1c in the groups
age (yr) n Body Mass Index waist/stature thigh/stature thigh/waist HbA1c (%) 
21 - 40 10 29.9 {25.3 - 31.8] 0.59 [0.49 - 0.64] 0.31 [0.23 - 0.32] 0.50 [0.47 - 0.52] 7.0
41 - 50 12 27.4 [22.8 - 29.9] 0.53 [0.48 - 0.58] 0.26 [0.25 - 0.28] 0.47 [0.44 - 0.51] 7.1
51 - 60 17 24.6 [22.4 - 27.2] 0.52 [0.48 - 0.55] 0.25 [0.23 - 0.26] 0.48 [0.46 - 0.51] 7.2
61 - 70 19 24.5 [21.6 - 27.2] 0.52 [0.48 - 0.56] 0.25 [0.23 - 0.27] 0.48 [0.44 - 0.50] 7.2
71 - 80 17 24.6 [21.8 - 25.9] 0.54 [0.50 - 0.58] 0.24 [0.23 - 0.26] 0.45 [0.43 - 0.47] 6.9
80 - 90 14 24.9 [22,7 - 27.1] 0.55 [0.50 - 0.58] 0.25 [0.25 - 0.27] 0.46 [0.44 - 0.49] 7.0
Values represent median level and  [25% and 75%] of the quartile levels.
HbA1c values were calculated as the average data from December 2017 to February 2018. 
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According to some previous reports, there have been discrepancies between cardiovascular events and 
mortality level in diabetics with same target values [16]. These factors differ time and frequency in 
various clinical trial research. Among them, seasonal difference can be included for the evaluation of 
diabetic condition [14]. Diabetic control has been said to be worse in the winter season, which would be 
due to less more eating and less exercise [14,15].   
 
For years, authors and colleagues have continued clinical practice and research on diabetes, such as 
glucose variability, comparison of calorie restriction (CR) and low carbohydrate diet (LCD), MTT and 
others [23,24]. Among the continuous diabetic practice, there was an impressive episode from spring to 
summer, 2018. During the period we had found several diabetic younger cases who showed exacerbation 
of the diabetic control. We had come to know and noticed that persisting extremely hot climate can be 
involved in the worse tendency of glucose control. We have continued managing many diabetic patients 
for long years. Then, we have begun to investigate the detail changes of seasonal changes of HbA1c values 
in different age groups. 
 
The value of BMI was rather higher in groups 21-40 than that of other groups. Further, subjects' 
anthropometry characteristics including waist/stature, thigh/stature and thigh/waist were also similar 
situation. Authors have formerly reported the research concerning waist circumference (WC), 
waist-to-height ratio (WHtR) and thigh-to-waist ratio (TWaR) in type 2 diabetes mellitus (T2DM) [25]. 
From above, diabetic male patients in group 51-90 may show the similar composition of body muscle and 
fat with aging. 
 
HbA1c values in groups 21-50 increased from spring to summer as seasonal changes. These causes may 
be involved in their hot circumstances for working with various stressors and accumulating malaise. 
Previous report about diabetes and temperature [26] revealed that as the temperature decreases 1 
degree Centigrade, the risk of HbA1c more than 7% increases in the diabetic practice. Consequently, 
diabetic patients show higher HbA1c in the winter than those in the summer [26].  
 
In groups 51-70, some patients are working and others are free at home in Japan. Although the climate is 
severely hot outside, they can probably control their lives without overuse the body. Groups 71-90 belong 
to the elderly. Most of them seem to lead daily life without obligatory working. Furthermore, some elderly 
are attending to daycare center a few times a week. From above, their daily lives are probably stable 
throughout the year.  
 
There have been several reports of seasonal changes related to HbA1c.  
Firstly, the biomarker HbA1c has been influenced by several factors. There was a report that HbA1c 
values in diabetic patients were followed up for 13 years in high-income country [27]. Several factors 
influencing HbA1c were sex difference, age difference, socio-economic condition and national 
governmental project for diabetes [27].  
 
Secondly, the seasonality of cardiovascular risk factors (CVRF) was investigated in a large set of 
population-based studies [14]. CVRF included BMI, BP, waist circumference, HDL, LDL, TG, glucose levels. 
CVRFs show a seasonal pattern characterized by higher levels in winter, and lower levels in summer. This 
pattern could contribute to the seasonality of CV mortality [14]. 
 
Thirdly, there are seasonal changes in glucose, blood pressure and cholesterol. By multicenter study, 
seasonal changes of values in HbA1c, BP, and LDL-C were measured. As a result, achievement of the target 
level of these biomarkers were lowest in winter, indicating the necessary consideration for diabetic 
practices [28].  
 
There are limitations of current research. We examined HbA1c changes of four seasons in different age 
groups. Some difference tendencies were found, but we did not evaluate several factors which can 
influence glucose variability. For example, BMI, blood pressure, cholesterol, daily life, amount of food, 
carbohydrate intake, amount of work, exercise status, lifestyle habits, temperature, humidity and others 
may be involved in these factors. Then, it would be necessary to review in detail for future research. 
  
In summary, we studied seasonal Hb1c changes in 6 age groups. HbA1c were a little higher in summer 
with 21-50 years old, lower in autumn with 51-90 years old. Various factors may be affecting this 
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tendency. These results suggest that it would be necessary to consider the adequate management 
together with related factors such as seasons, environmental factors and lifestyles.  
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